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Abstract
Impulsivity is an inability to control inappropriate responses to stimuli in the environment. It refers to an
inability to inhibit an action or to delay gratification for an immediate small reward versus a deferred large
reward. Poor impulse control in dogs is a leading cause of owner relinquishment, rejection from
assistance- and working-dog programs, and returns to shelter and foster care. The ability to reliably
identify dogs who engage in impulsive behavior would improve these dogs’ welfare by facilitating
appropriate interventions in a timely manner. To investigate if the tendency of impulsive choice could be
predicted by available psychometric tests, twenty-four dog/handler teams were recruited to participate in
this study. All teams were composed of veterinary professionals employed at a single community animal
hospital and their dogs. Handlers completed both the Canine Behavioral Assessment & Research
Questionnaire (C-BARQ) and the Dog Impulsivity Assessment Scale (DIAS) psychometric tests. All dog/
handler teams then completed a spatial discounting test, assessing their dog’s ability to inhibit the choice
of a close small food reward versus a more distant larger food reward. Twenty-one C-BARQ and DIAS subscales were found to have a statistically significant association. After performing a Bonferroni error
correction calculation, two sets of pairwise associations related to arousability emerged as highly
correlated and significant. However, we did not see a statistically significant association between CBARQ, or DIAS sub-scales and maximum distance traveled in the spatial discounting test. This outcome
raises the question of whether the attribution of impulsivity based on an owner reported questionnaire is
subject to bias. Additionally, the spatial discounting test may not be an appropriate measure of impulsivity
as a single test. The conclusion of this study suggests that veterinarians must carefully consider the
limitations of behavioral diagnostic tests and be aware that erroneous results can influence welfare
outcomes for companion dogs.
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Dedication

To all the dogs from whom I have learned so much, I am forever grateful.

We need another and a wiser and perhaps a more
mystical concept of animals. Remote from universal nature, and living by
complicated artifice, man in civilization surveys the creatures through the glass of his
knowledge and sees thereby a feather magnified and the whole in distortion. We
patronize them for their incompleteness, for their tragic fate
of having taken form so far below ourselves. And therein do we err, and greatly err.
For the animal shall not be measured by man.
In a world older and more complete than ours they move finished and complete,
gifted with extensions of the senses we have lost or never attained, living by voices we
shall never hear.
They are not brethren; they are not underlings:
they are other nations,
caught with ourselves in the net of life and time,
fellow prisoners of the splendor and travail of the earth.
Henry Beston
The Outermost House:
A Year of Life on the Great Beach of Cape Cod
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Abstract
Impulsivity is an inability to control inappropriate responses to stimuli in the
environment. It refers to an inability to inhibit an action or to delay gratification for an
immediate small reward versus a deferred large reward. Poor impulse control in dogs is a
leading cause of owner relinquishment, rejection from assistance- and working-dog
programs, and returns to shelter and foster care. The ability to reliably identify dogs who
engage in impulsive behavior would improve these dogs’ welfare by facilitating
appropriate interventions in a timely manner. To investigate if the tendency of impulsive
choice could be predicted by available psychometric tests, twenty-four dog/handler teams
were recruited to participate in this study. All teams were composed of veterinary
professionals employed at a single community animal hospital and their dogs. Handlers
completed both the Canine Behavioral Assessment & Research Questionnaire (C-BARQ)
and the Dog Impulsivity Assessment Scale (DIAS) psychometric tests. All dog/handler
teams then completed a spatial discounting test, assessing their dog’s ability to inhibit the
choice of a close small food reward versus a more distant larger food reward. Twentyone C-BARQ and DIAS sub-scales were found to have a statistically significant
association. After performing a Bonferroni error correction calculation, two sets of
pairwise associations related to arousability emerged as highly correlated and significant.
However, we did not see a statistically significant association between C-BARQ, or
DIAS sub-scales and maximum distance traveled in the spatial discounting test. This
outcome raises the question of whether the attribution of impulsivity based on an owner
reported questionnaire is subject to bias. Additionally, the spatial discounting test may
not be an appropriate measure of impulsivity as a single test. The conclusion of this study
suggests that veterinarians must carefully consider the limitations of behavioral
diagnostic tests and be aware that erroneous results can influence welfare outcomes for
companion dogs.
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Introduction
Impulsivity is a trait that is related to inhibitory control and is described as a tendency to
engage in hasty, inappropriate, and reckless actions and decisions. (Herman et al., 2018).
A lack of self-restraint and an intolerance for delay of gratification are hallmarks of
impulsive behavior. (Van den Bergh et al., 2006). Response inhibition deficits manifest
as impulsive action, and delay aversion manifests as intolerance for postponement of
gratification. Delay aversion contributes to several maladaptive responses with
impulsivity as a central feature. (Van den Bergh et al., 2006) In people, impulsivity has
been associated with impaired social interactions (Shoda et al., 1993) and lifelong
struggles with ADHD, depression, OCD, addiction, and aggression (Moffitt et al., 2011;
Callender et al., 2011). Negative impacts in the areas of education, career and earning
opportunities, and stable, long-term personal relationships have been associated with a
diagnosis of impulsivity early in life. (Bray et al., 2014) Whether impulsivity is a
permanent behavioral trait or a learned response to environmental stimuli is not clear.
(MacLean et al., 2014). What is clear is that ill-conceived decisions and actions can
become a life-long attribute.
Multiple problem behaviors in dogs can be attributed to poor inhibitory control. Lack of
inhibitory control is the single most important reason for abandonment to shelters and
failure to succeed in service dog training. Problem behavior is the most common reason
for relinquishment for dogs accounting for 47% of dogs entering shelters in this country.
Each year approximately 3 million dogs enter shelters and approximately 670,000 are
euthanized. (New et al.,2000; https://www.aspca.org/animal-homelessness/shelterintake-and-surrender/pet-statistics) Masson & Gaultier,2018). Fifty to seventy percent
of working dogs fail their service dog training due to lack of impulse control. (Brady et
al.,2018; Bray et al., 2021). Many dogs fail to find a permanent home due to a lack of
self-control and inability to learn preferred alternative behaviors. Owner frustration over
how to manage and train these dogs leads to lack of emotional attachment and failure of
the human animal bond. (Powell et al., 2021.) The welfare risks to these dogs include: 1.
attribution of a permanent personality trait, 2. persistent social isolation, 3. persistent
frustration and negative affective state, 4. relinquishment and potential euthanasia.
Self-control is a requirement for biologic fitness for all species. It is a requirement for the
experience of positive emotions and affective states, and is fundamental for the
experience of positive welfare. (Boissy et al., 2007). Impulsivity interferes with
successful emotional regulation and appropriate response to stimuli within an
environment. “Temperament” is defined in the Oxford dictionary as “a person’s or
animal’s nature, especially as it permanently affects their behavior”. Temperament has
been described as by Appleby as “the characteristics of individuals that describe and
account for consistent patterns of feeling and behaving” in Animal Welfare
(Appleby,2018, pg95). The study of maladaptive responses to stress has begun to
correlate the relationship between elevated arousal states and behavioral characteristics
of aggression, vigilance, and negative impact on learning ability (Beausoleil et al., 2012).
Choice inhibition is based on emotional regulation and reflects the predominant
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neuroendocrine state of the individual. Display of impulsive behavior in a variety of
settings can be a measure of long-term emotional state for an individual. (Wright et al.,
2012). Temperament is reflected in an individual’s response in a non-specific stress
scenario in which we can measure underlying personality traits of distractibility, anxiety,
and fear. Those emotional responses, which occur under elevated sympathetic nervous
system tone, (SNS) compete with and inhibit other behavioral responses directed by the
parasympathetic nervous system (PNS). Behavioral inhibition is the ability to suppress
actions that are inappropriate or undesirable in a given context in reference to reward
goals. (Bunford et al., 2019). It is an active process which occurs when the individual
can ignore interference, from perceived and actual distractions, to successfully achieve a
goal while avoiding non-productive behaviors. (Humby & Wilkinson, 2011). The degree
of SNS tone and arousal state can be inferred by monitoring the animal’s responses in test
situations like the spatial discounting task and by recording physiological measures of
alarm and increasing stress like heartrate variability (Tamioso et al., 2018)..
Research methods to study impulsivity include owner reported psychometric
measurements, behavior measurements, and physiological measurements. The aim of this
study was to collect data from two psychometric tests (the Canine Behavioral Assessment
and Research Questionnaire [C-BARQ], the Dog Impulsivity Assessment Score [DIAS]),
a behavioral test (a spatial discounting test [SDT]), and a physiological test (heart rate
variability [HRV]), to determine if the psychometric and physiological tests would
predict delay aversion on the behavioral test. The physiological test data, heart rate
variability, collected during this study will be analyzed and reported at a future date. Our
methods are included below, but our analysis will be the topic of another paper to follow.
The behavioral test measures the dog’s tolerance for delay aversion through the ability to
inhibit a choice for a small immediate food reward over a large, delayed food reward
(Brady, et al., 2018). Heart rate variability has been shown to reflect an individual’s
underlying state of stress and provides an inference of SNS tone. (Zupan et al., 2016; von
Borell et al.,2007; Katayama et al., 2016; Beauchaine & Thayer, 2015). C-BARQ and
DIAS are validated owner reported psychometric tests which score specific sub-scales of
behavior globally and impulsive behavior respectively (Serpell & Hsu, 2001; Mongillo et
al., 2019; Wright et al., 2011). Scores are calculated from a five-point Likert scale. A
higher score on the subset behaviors, other than Trainability, indicates less desirable
behavior.
Behavioral and physiologic experimental data collection methods require a substantial
time commitment, are labor intensive, and require special environmental considerations.
In contrast, psychometric methods of data collection are rapid, readily available, and
relatively inexpensive in time and resources. My goal was to determine if the C-BARQ
and DIAS tests could predict outcomes on a delay aversion behavioral test. If so,
psychometric testing could be administered in general practice to facilitate identification
and early intervention for dogs with impulsivity at the core of their behavior problems.
I propose that C-BARQ and DIAS will be predictors of the tendency to discount quickly
on a delay of reward task. I propose that the tendency to delay gratification on a spatial
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discounting task and psychometric assessments measure an animal’s ability to regulate
emotional responses and adapt appropriately in their environment. By measuring DIAS
and C-BARQ scores we will predict which dogs have fast discounting scores on a delay
reward task. While impulsivity as a trait has been shown to be stable over time (Riemer et
al., 2014) we do not know when the trait of impulsivity becomes a default tendency
(Brady et al., 2018). Correlating psychometric assessments and behavioral measurements
of impulsivity would suggest that we can rely on psychometric tests to identify dogs with
the impulsive tendencies and provide treatment interventions that these dogs need,
positively impacting their welfare.
Hypothesis: Adult dogs who have elevated scores on psychometric subset scales from the
C-BARQ and DIAS behavior assessments, indicating a tendency for reactive and
impulsive behavior, will have low maximum distance traveled measurements on a spatial
discounting test.
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Materials and Methods
All dogs were recruited from Pharr Road Animal Hospital staff. Their ages ranged from
1yr 4 months to 10 years old. Weights ranged from twelve to over one hundred ten
pounds. The dogs were pure and mixed breeds who had been sourced from breeders and
shelters. In one case an individual dog was being fostered and was adopted shortly after
the conclusion of the testing. All dogs had a variety of obedience and training
backgrounds, but none had extensive training. No dogs had any underlying cardiac,
arthritic, other metabolic, or behavioral health issues. None of the dogs were on
medications other than heartworm prevention and flea and tick medications. Most of the
study participants were altered, but two intact males were within the study group. Four
dogs did not complete the spatial discounting test or the heart rate tracings. One dog’s
owner did not complete the psychometric testing (Table 1).
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Table 1. Study Dogs Demographic Data.
Name
Breed
Age

Weight LBS

Sex

Doobie

Cane Corso

2 Yr

110

M

Marshmallow

Pit Bull

6 Yr 6 Mo

100

M

Chance

Golden
Retriever

13 Yr

87

M/N

Heidi

German
Shepard
Labrador
Retriever

4 Yr

75

F/S

5 Yr

72.5

M/N

Yeti

GSP X

1 Yr 4 Mo

70

M/N

Shea

Labrador

10 Yr

63

F/S

Tetris

Rottweiler

4 Yr

61.5

F/S

Ari

Husky X

2 Yr 5 Mo

61

M/N

Jambi

PB

7 Yr

55

M/N

Kai

BC X

5 Yr 7 Mo

50

F/S

Maui

Dalmatian

4 yr 4 Mo

45

F/S

Sugar

Pit Bull X

4 Yr

45

F/S

Maikoh

Pit Bull X

1 Yr 8 Mo

41

M/N

Ashlan

Aussie X

1 yr 5 Mo

41

M/N

Dixie

Aussie

2 Yr 6 mo

40

F/S

Hazel

Pit Bull X

1Yr 9 Mo

39

F/S

Koda

German
Shepard X

6 Yr 1 Mo

39.5

F/S

Jynx

German
Shepard X

10 Yr 10 Mo

39

F/S

Monie

Schnauzer X

9 Yr 2 Mo

18.5

F/S

Fig

Terrier

12 Yr

18

M/N

Xander

Terrier X

7 Yr 6 Mo

14

M/N

Cooper
Cato

KCCS
TFT

1 Yr 7 Mo
5 Yr 6 Mo

12.7
12.6

M/N
M/N

Marcus

Table 1. Study Dogs Demographic Data. Twenty-four dogs participated in this study. Four dogs did not
complete behavior testing and heart rate tracing. One owner did not complete the psychometric testing.
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Psychometric Questionnaires
C-BARQ
Pet guardians completed the C-BARQ behavior assessment profile as an evaluation of
canine temperament and behavior. The C-BARQ was administered online, and 14
subscale scores were tabulated through the C-BARQ website,
https://vetapps.vet.upenn.edu/cbarq/ (Table 2). Pharr Road Animal Hospital is a
registered user of the C-BARQ assessment for this project. Results of the C-BARQ
assessment will be provided to caregivers after data analysis.
C-BARQ is a 100-question owner/handler generated behavior survey for dogs. It is a
validated instrument that has been used in over 50,000 behavioral assessments for the
severity and frequency of 14 subscale behaviors (Powell et. al., 2021; Serpell et.al., 2005;
Hare et.al., 2018).
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Table 2. C-BARQ Subscale behaviors
Behavior Subscale

Behavior Description
Population
Average

Stranger directed
aggression
Owner-directed
aggression

0.59

0.19
Dog-directed
aggression
Dog directed fear

0.97
0.72

Familiar dog aggression
0.62
Trainability

Chasing
Stranger-directed fear

2.56
2.09
0.63

Nonsocial fear
0.76
Separation-Related
Problems
0.56
Touch Sensitivity
0.68
Excitability
2
Attachment/Attention
Seeking
1.91
Energy
1.95

Aggressive displays toward strangers entering the dog
or handler’s home, territory, or personal space.
Aggressive behavior toward the owner/handler or other
household members in response to manhandling,
challenge, proximity to their body or high value
possessions (food or objects) or being stared at.
Aggressive displays toward an unfamiliar dog
approaching.
Vigilant, cautious responses when approached by
unfamiliar dogs.
Threatening and aggression toward other household
dogs.
Attentiveness by the dog to the owner/handler, ability,
and willingness to ignore distractions within the
environment, compliance with simple cues, positive
responses in the face of correction.
Pursuing small animals if the occasion arises.
Vigilant and cautious responses when approached by
unfamiliar people.
Vigilant and cautious responses in the presence of
unfamiliar objects, situations, and sudden loud noises.
Destructive behavior and vocalizations when separated
from the owner, including physiological signs of stress
and anxiety such as trembling, excessive salivation,
anorexia, and restlessness.
Vigilant, cautious, and escape behaviors associated with
restraint, bathing, nail trimming, or physical
examination.
Exuberant behavior in response to possible exciting and
arousing events resulting in lack of self-control and
difficulty calming.
Maintaining close contact with owner/handler and
soliciting attention and contact from the owner/handler,
expresses agitation when engagement is withheld or
directed at another household member.
The degree of excessive, exuberant, play behavior the
dog displays.

Table 2. C-BARQ Subscales. A higher score on the subset behaviors other than Trainability indicates less
desirable behavior. If owner’s have not observed their dog in the scenario described they are instructed to
leave the question blank, if over 25% of questions are not answered for a subset it is coded as inconclusive
(Powell et.al.,2021).
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DIAS
Pet guardians completed the DIAS behavior assessment as an evaluation of impulsivity.
The DIAS was administered online, four scores related to impulsivity: the Overall
Questionnaire Score (OQS), as well as three component factors of F1, Behavior
Regulation, F2, Aggression and Response to Novelty, and F3, Responsiveness were
calculated by the author according to the developer direction provided online,
https://docs.google.com/forms/d/e/1FAIpQLSd36r4b5aNZPLD2elgMFsicvfPR_xogEWP
_IgfuDzoF0agmFw/viewform (Table 3). The author has a product license to use the
assessment during this project. Results of the DIAS assessment will be provided to
caregivers after data analysis.
Table 3. DIAS Subscale Behaviors
Behavior Subscale
OQS

Normal Range
0.42-0.62

Behavior Description
Overall Questionnaire Score

F1

0.31-0.63

Behavior regulation evaluates arousal and impulse
control, provides a focused measure for impulsivity,
high score indicates little control in response to
stimuli, little forethought prior to action, extreme
physiological responses when excited.

F2

0.22-0.52

Aggression and Response to Novelty Lowered
tolerance threshold for potential aversive stimuli, with
expression of aggression behavior, frustration, and
fear related in responses to novel situations/objects,
high scores are associated with dogs who do not react
well to novel situations/objects and likely to respond
aggressively.

F3

0.57-0.83

Responsiveness general responsiveness and
environmental awareness, reflects the dog’s interest in
the environment and trainability, high score indicates
high trainability and quick reactions, long interest in
stimuli/ low distractibility. While high responsiveness
appears to be associated with quick action needed in
some working situations a high overall impulsivity
score appears to be associated with distractibility by
environmental reinforcers (Concha et.al., 2021).

Table 3. DIAS Subscales. 18 survey items are used to provide an overall questionnaire score, OQS,
Overall Questionnaire Score, for impulsivity and values for three underlying factors derived from principal
component analysis from the original data. It is used to assess the trait of impulsivity and its contribution to
frustration related behavioral problems in dogs, response to treatment interventions, as a tool to select
working dogs where impulsivity is important to their success/failure, and in screening shelter dogs.
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Spatial Discounting Test
The Spatial Discounting Test, (SDT), parameters were based on the laboratory and field
tests described in Brady, 2018. Modifications were made to the training protocol prior to
the test for expediency. In the SDT the dogs were presented with two trays, one
containing three pieces of food and the other containing one piece of food. The training
session was to determine that the dog could distinguish between the large and small
reward tray locations. Once the dog met criteria for training the test was conducted. An
opaque barrier was placed on the centerline of the SDT field to ensure that the dog could
not change their choice during the test. Testing consisted of a series of trials of tray
presentation during which the dog could choose either the large or the small reward tray.
Each time the dog chose the large reward tray the rewards would be replenished, and the
tray would be moved 10 inches further from the start line while the small reward tray
remained in the original position on the start line. The purpose of the test is to establish
the maximum distance the dog will travel to obtain the large distant reward before opting
to choose the small close reward.
Subjects
Twenty dogs completed the SDT. Sixteen dogs met the training criteria during the initial
training session, four dogs required two training sessions to meet criteria. The SDT was
performed once for all dogs.
Test set up and structure
The test was conducted at Pharr Road
Animal Hospital on Saturday or Sunday
when the practice was closed. A 35-foot
by 20-foot lobby area was used as for the
SDT. Two identical craft trays, Coobbar
Plastic Arts and Crafts Trays, 11 x 8.3 x
1.2 inches, one blue and one yellow, were
used for training and testing. The color
and placement, on either side of the SDT
centerline, of the large reward tray was
Figure 1.Spatial Discounting Test, (SDT) Testing field at
randomized. The large reward tray
Pharr Road Animal Hospital.
contained three pieces of either Nature’s
Variety Freeze Dried Beef Mixers or 1/8th inch piece of Horizon mozzarella string
cheese, the small reward tray contained one piece.
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Tape was applied to the
floor to facilitate rapid
positioning of the dogs
on the SDT centerline
36 inches from the field
start line, and for
accurate tray placement
during the SDT. Each
tray was positioned
lengthwise at the start
line and 10 inches to
either side of the SDT
centerline.
Figure 2. Spatial Discounting Test field."Heidi" during SDT training.

Dogs were handled by their owners. Handlers waited in an adjacent room to the test area.
When the training/testing field was prepared the assistant would say “ready” and the
handler would walk their dog to the start line, one meter from the test field and position
the dog within a taped box on the floor which was on the centerline of the test field.
All dogs were kept on a short lead
prior to reward choice. Owners
dropped the lead to allow the dog’s
choice to be unimpeded. The dog was
collected after eating the chosen
reward to avoid eating the remaining
reward on the way back to the waiting
area. Rewards were replenished and
the large reward tray was repositioned
if it had been chosen.
Figure 3."Xander" during SDT choosing large reward tray.
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Training and testing were videoed for each dog.
Two iPhones on tripods were placed at either
end of the 8-meter test field to record each dog.
Training sessions were conducted prior to
testing. Both the large and small reward trays
were positioned at the start line of the SDT field
10 inches on either side of the center line. Dogs
had five trials of ten repetitions to meet criteria
for testing. Training criteria was the large
reward tray chosen in eight out of ten
Figure 4."Cooper during the SDT, with the opaque
barrier in place, choosing the large reward tray.
repetitions in two successive trials, with the last
five repetitions of both trials being the large reward tray choice (S12). A ten-minute
break was taken between training and testing.
During testing an opaque barrier was placed on the center line of the test field to prevent
the dog from switching from one side to the other during the test. The dog had to choose
the large reward tray at least once during the test. Tray placement on either side of the
field center barrier during testing was randomized. Each time the large reward tray was
chosen it would be moved 10 inches further away from the original start line for the next
trial. The small reward tray remained at the start line position. Testing was discontinued
when the dog chose the small reward tray in five consecutive trials and the distance was
recorded (S13). Detailed information regarding the spatial discounting test is included in
supplemental materials section (S1).
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Heart Rate Variability Recording
Heart rate variability has been used as a proxy measurement of affective state due to
cardiac system sensitivity to autonomic innervation influence. (von Borell et al., 2007).
Normal sinus rhythm during rest and relaxed states of being, under high parasympathetic
nervous system tone, is regularly irregular with high variability in inter-beat interval.
During increased states of stress and arousal, under high sympathetic nervous system
tone, the inter-beat interval becomes regular with low variability. Low heart rate
variability has been associated with diminished emotional and behavioral regulation in
animals and people.(Craig, et al., 2016). The Polar H10 heart rate sensor has been shown
to detect, measure and report heart rate as effectively as ECG. (Essner et al., 2013;
Jonckheer-Sheehy et al., 2012; Essner et al., 2015). Dogs with reported historic behavior
problems have been shown to have lower heart rate variability compared to dogs who do
not suffer from anxiety related behaviors (Wormald et.al., 2017). Heart rate variability
has been used as a reference in dogs to assess an individual’s anxiety, reflecting an
inability to regulate emotional state and adjust appropriately to environmental stressors
(Lensen et.al., 2017; Wormald et. al., 2016; Kuhne et.al., 2014).
Subjects
Heart rate tracings were obtained for 20 of 24 dogs. None of the test subjects had a
history of current cardiovascular or systemic disease.

Figure 5. “Marcus” during in clinic heart rate tracing with owner.

Data Acquisition: In Clinic
All study dogs underwent three 10-minute heart rate tracing scenarios. Two in an exam
room at Pharr Road Animal Hospital, during the first tracing the owner was present,
during the second tracing the owner left the exam room while I remained. The third
tracing was at home during a Zoom call meeting. Owners were given instruction for
heart rate tracing set up, video camera placement, and heart rate app use during the inclinic tracings in preparation for the at home heart rate tracing.
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Heart rate tracings were recorded at PRAH in a 12 by 12-foot exam room. A bed for the
dog and a chair for the owner were
available
for their use. Dogs were free to
move around the exam room for
five minutes to acclimate prior to
the heart rate tracing. In the case of
a heavy or long coat a small amount
of hair was shaved caudal to the
front legs around the ventral chest.
Approximately 2 to 4 ml of spectra
360 12-08 electrode gel was applied Figure 6."Chance" during in clinic heart rate tracing.
to the Polar H10 heart rate monitor
strap to facilitate signal conduction. The heart rate monitor was placed on each dog
caudal to the front legs with the electrode portion of the strap over the area of strongest
heartbeat palpation. The dog was not restrained during the tracing.
One ten-minute tracing was
recorded with the owner
present. During the second tenminute tracing the owner left
the exam room and waited in
another room across the hall.
The researcher remained in the
exam room but did not interact
with the dog during the tracing.
Figure 7. "Jynx" during in clinic heart rate tracing.

Video was taken during this segment to record
changes in heart rate and tracing quality as
well as behavioral conduct of the dog during
the owner’s absence. An additional 5 minutes
of tracing and video was obtained during the
owner’s return to collect heart rate change,
tracing quality, and reunion behavior.

Figure 8."Tetris" heart rate tracing during owner's absence.
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Figure 9. "Tetris" heart rate tracing during reunion with owner.

Data Acquisition: Zoom Meeting at Home
A Zoom meeting was scheduled
with the owner. The owner took
a “Home Recording Kit” with
them the day of the in-clinic
heart rate tracing containing, the
Android smart phone with Polar
Equine app, an iPhone to video
the tracing and the dog’s
behavior during the tracing,
Spectra electrode gel, and rubber
Figure 10."Jynx" during Zoom session at home heart rate
bands for shortening the heart
tracing.
rate strap if needed for small
dogs (S10). Detailed written instructions for the at home
heart rate tracing procedure are included in supplemental
data (S1). The researcher sent the Zoom invitation and met
with the owner at the scheduled time to assist the handler
with the at home tracing and to record the Zoom meeting of
the heart rate tracing in the dog’s normal environment. The
at home heart rate tracing was the control to compare with
the results of the in-clinic heart rate tracing.

Figure 11. "Kai" during Zoom
Session heart rate tracing at
home.
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Heart rate tracings were recorded
with the Polar equine app on an
Android phone. Video was
recorded on an iPhone to capture
the heart rate monitor tracing and
simultaneous dog behavior. At
the conclusion of the tracing the
electrode gel was cleaned from
the dog’s coat with warm water,
and they were towel dried. Heart
rate tracing data was downloaded
from the app and will be
analyzed at a future date.
Figure 12. "Ashlan" during Zoom session heart rate tracing at
home.
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Statistical Analysis
When it is likely that a scatterplot of the data will indicate a monotonic relationship,
Spearman’s correlation coefficient is appropriate for statistical analysis. Linear
relationships occur when the change in one variable value is proportional to the change in
the other value. A monotonic relationship is one that exists if as the value of one variable
increases, the value of the other variable either increases or decreases, just not at a
constant rate. (https://support.minitab.com/en-us/minitab-express/1/help-and-howto/modeling-statistics/regression/supporting-topics/basics/a-comparison-of-the-pearsonand-spearman-correlation-methods/). Spearman’s rank correlation rho, , is a number
from -1 to 1. Values close to the boundaries indicate a strong monotonic relationship
between pairs of variables while, values close zero suggest that the variables are
independent.
A Mann-Whitney test was used to evaluate whether the condition of weight or sex would
predict maximum distance traveled. A Mann-Whitney is used to determine if there is a
difference in the dependent variable, maximum distance traveled, for two independent
groups. If the distribution of the dependent variable is the same for both groups, there is
no evidence to support the research hypothesis.
The psychometric test data was evaluated using Minitab statistical data analysis software.
A Spearman’s rank correlation matrix of all subscale’s associations from the C-BARQ
and DIAS questionnaires was conducted. Additionally, C-BARQ subscales, DIAS
subscales, and maximum distance traveled in the spatial discounting test were evaluated.
Alpha was set to 0.05, the confidence coefficient was 0.95, and a p- value of 0.05 or less
were parameters indicating significance for the Spearman’s coefficient correlation, . In
hypothesis testing, alpha is the probability of concluding the research hypothesis is true
when the null hypothesis is true instead. This mistake is called a Type 1 error. Alpha can
be a value from 0 to 1. Often alpha is set at 0.05 meaning that there is at most a 5%
chance of concluding that a pairwise association exists when the variables are
independent. The confidence coefficient is how confident we are that the confidence
interval will contain the parameter of interest, zero in the case of Spearman’s . When
zero is not in the confidence interval it suggests that the variables may be monotonically
associated. The p-value is the probability of obtaining an effect at least as extreme as the
one in the sample data, assuming the null hypothesis is true. When p-values are less than
or equal to alpha, they indicate significance, and the null hypothesis is rejected (Kim
et.al., 2016; https://blog.minitab.com/en/adventures-in-statistics-2/understandinghypothesis-tests-significance-levels-alpha-and-p-values-in-statistics?hs_amp=true;
Wasserstein et.al., 2016).
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Spearman correlation coefficient analysis of psychometric test variables
C-BARQ and DIAS scores are derived from a 5-point Likert scale. C-BARQ subset data
is calculated for each participant’s dog at the conclusion of the questionnaire. Their
numerical score is reported with the population average for comparison. DIAS subset
data was calculated by the author according to directions given on the DIAS assessment
tool information page. (https://ipstore.lincoln.ac.uk/product/the-dog-impulsivityassessment-scale-dias/download/317/133QIB). Population normal ranges are provided
with the test assessment tool information. This data results in ordinal or ranked results.
Results for each dog and the subscale population average or normal range are available in
supplemental data. (S2)
The psychometric test data was evaluated by computing Spearman’s rank coefficient
correlation with Minitab statistical software between all pairs of variables from the CBARQ and DIAS questionnaires (Table 4.). A Bonferroni error calculation correction
was calculated for the data (Table 5). Test data for maximum distance traveled and CBARQ and DIAS subscales were then evaluated (Table 6).
Bonferroni Method for controlling the experiment-wise error rate
The probability of committing at least one Type 1 error increases with the number of tests
that are conducted. It is not possible to identify the specific unimportant associations
present in a family of tests. It is possible to have one or more erroneous results in the 56
Spearman correlation coefficient calculations when the confidence coefficient is 0.95. To
refine the statistical analysis, a Bonferroni correction was calculated to control the
experiment-wise error rate for the entire family of tests. For two sided tests, the
significance level, , is divided equally into the upper and lower tails of the statistic’s
distribution. Thus, 0.05/56/2 = 0.0004 is the probability of making a Type 1 error in
either tail. The confidence coefficient is a probability that the confidence interval will
contain zero or independence supporting rejection of the research hypothesis, in this case
1- 0.05/56 = 0.9991. A confidence coefficient was calculated to be 0.9991, with alpha
corrected to 0.0008, and P-value  0.0008 indicating significance.
Widening the confidence interval increases the probability that zero, or independence, is
included in the intervals indicating that there is no evidence of a statistically significant
monotonic association between variables. The Bonferroni analysis indicates strong
evidence of a significant monotonic increasing relationship between chasing and F3, and
touch sensitivity and F2, Rho for these two sets of variables is over 0.7 indicating the
strength of the increasing association. Scatterplots for these two sets of C-BARQ and
DIAS variables also indicate a non-linear monotonic increasing association. This work
could be the basis for a follow-up randomized study to further investigate these
associations and their relationship to companion dog behavior

17

Results
C-BARQ and DIAS Subscales Correlation
There are two psychometric tests that include measurements that relate to inhibition
control. Both C-BARQ and DIAS are validated psychometric tests. The C-BARQ
subscales titles are self-explanatory (Table 2). DIAS subscale Overall Questionnaire
Score is a total impulsivity score. Overall Questionnaire Score is derived from three
subcategories; F1 which relates to arousal and impulse control, F2 which relates to
aggression and response to novelty, and F3 which relates to responsiveness and
environmental awareness (Table 3).
We assessed whether C-BARQ and DIAS subscales are correlated. Twenty-two
associations between C-BARQ and DIAS subscales were found to be statistically
significant (Table 4). C-BARQ scores that measure fear, level of arousal, prey drive,
intolerance to restraint, and defensive aggression are areas of interest that are associated
with DIAS scores that measure environmental interest, distractibility, and quick decision
making; expression of frustration, fear, and aggression in responses to unfamiliar
situations/objects; and extreme physiological responses when excited which manifest in
little impulse control.
The association of C-BARQ and DIAS subscale scores reflects the relationship between
negative affective state and resulting behavior. Interestingly, the only negative monotonic
association in the entire family of tests is between the C-BARQ subscale for Trainability
and F1. A monotonic association exits between two variables in either of two states: (1)
in a positive association as the value of one variable increases the value of the associated
variable increases as well or (2) in a negative association as the value of one variable
increases the value of the associated variable decreases, (in both cases at an uneven rate).
As the score for Trainability increases the score for F1, extreme physiological responses
when excited, decreases, and likewise as the score for Trainability decreases the score for
F1 increases.
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Table 4. C-BARQ and DIAS Spearman Coefficient Correlation

Set 1
OQS
F1
F3
OQS
F2
F3
OQS
F3
OQS
F3
F1
OQS
F3
OQS
F2
F2
OQS
OQS
F1
F3
OQS
F1

Set 2
Stranger-Directed
Aggression
Stranger-Directed
Aggression
Stranger-Directed
Aggression
Owner-Directed
Aggression
Owner-Directed
Aggression
Owner-Directed
Aggression
Dog-Directed
Aggression
Dog-Directed
Aggression
Familiar Dog
Aggression
Familiar Dog
Aggression
Trainability
Chasing
Chasing
Touch sensitivity
Touch sensitivity
Nonsocial Fear
Separation-Related
Problems
Excitability
Excitability
Excitability
Energy
Energy

N Correlation

95% CI for ρ

PValue

19

0.711

(0.327, 0.893)

0.001

19

0.510

(0.042, 0.795)

0.026

19

0.498

(0.027, 0.788)

0.030

19

0.523

(0.058, 0.801)

0.022

19

0.562

(0.108, 0.822)

0.012

19

0.583

(0.136, 0.833)

0.009

19

0.488

(0.015, 0.782)

0.034

19

0.710

(0.327, 0.893)

0.001

19

0.616

(0.182, 0.849)

0.005

19
19
19
19
19
19
19
19
19
19
19
19
19

0.537 (0.076, 0.809) 0.018
-0.494 (-0.786, -0.022) 0.032*
0.626 (0.197, 0.854) 0.004
0.740 (0.377, 0.906) 0.000
0.570 (0.118, 0.826) 0.011
0.746 (0.388, 0.908) 0.000
0.494 (0.023, 0.786) 0.031
0.506
0.702
0.559
0.556
0.702
0.695

(0.037, 0.792)
(0.313, 0.889)
(0.104, 0.820)
(0.100, 0.819)
(0.313, 0.889)
(0.301, 0.886)

0.027
0.001
0.013
0.013
0.001
0.001

Table 4. C-BARQ and DIAS Spearman Coefficient Correlation. Twenty-two C-BARQ and DIAS pairwise
associations at  - 0.05, Confidence Coefficient – 95%, P-value  0.05 indicate a significant monotonic association.
OQS-overall questionnaire score, F1-behavior regulation, F2- response to novelty and aggression, F3- environmental
awareness and general responsiveness. * Indicates the only decreasing monotonic association in the family of tests,
which indicates that as one variable increases the other decreases.
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Refinement of C-BARQ and DIAS Subscales Correlation
When many tests are run on the same set of data it is important to control the error rate,
which is the probability of committing at least one Type 1 error. At a confidence
coefficient of 95% there are 22 C-BARQ and DIAS variable correlations that have a pvalue less than 0.05 (Table 4). The experiment-wise error rate for the twenty-two variable
associations in Table 4 was corrected using a Bonferroni method calculation. Two pairs
of C-BARQ and DIAS variables, Chasing/F3 and Touch Sensitivity/F2, emerged as
having a statistically significant association (Table 5). The analysis indicates strong
evidence of a significant monotonic increasing relationship with a high  value between
Chasing/ F3, and Touch Sensitivity/F2.
Table 5. Bonferroni Corrected C-BARQ and DIAS Spearman Coefficient
Correlation

Table 5. Bonferroni Corrected C-BARQ and DIAS Spearman Coefficient Correlation. Minitab statistical
software was used to calculate Spearman’s  at a confidence coefficient of 99.91%,  of 8 x 10-4, and a pvalue  8 x 10-4. Two C-BARQ and DIAS correlations have p-values less than or equal to 8 x 10-4 and zero
was not within the confidence interval indicating a significant association. F3- environmental awareness
and general responsiveness, Chasing- prey drive and pursuing small animals, F2- response to novelty and
aggression, Touch sensitivity- frustration, fear, escape behaviors in response to intolerance to handling
and restraint.
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Scatterplots for these two sets of C-BARQ and DIAS variables suggest a non-linear
association as well (Figure 13). Elevated Chasing/F3 scores are representative of high
distractibility by environmental stimuli. Elevated Touch Sensitivity/F2 scores reflect
cautious, fearful responses to physical restraint or novel situations that may result in fear
aggression and escape behavior. These results could be the basis for a follow-up study to
further investigate the associations and their relationship to companion dog behavior.
Figure 13. C-BARQ and DIAS Subscale Association Scatterplots

Figure 13. Scatterplots of the association between Chasing/F3 & Touch Sensitivity/F2. Chasing and
Touch Sensitivity from the C-BARQ psychometric test, F2 and F3 from the DIAS psychometric test. A
scatterplot whose results are represented by a curvilinear relationship in which as one variable value
increases the associated variable value increases in an irregular order suggest a positive monotonic
association.

Correlation Between a Behavior Test vs Psychometric Test: Maximum Distance
Traveled versus C-BARQ and DIAS Subscales
Our behavior test was based on the spatial discounting test from Brady’s 2018 study that
was determined to measure impulsivity. Based on Brady’s study it was expected that the
impulsivity subscales would be consistent with the behavior test results and that
maximum distance traveled would be positively correlated with the psychometric tests.
We expected that elevated DIAS and C-BARQ scores, particularly those assessing
aggression, fear, excitability, energy, and trainability would correlate with early
discounting. To evaluate the association between C-BARQ and DIAS subscales with
maximum distance traveled in the spatial discounting test a Spearman’s rank correlation
was calculated (Table 6).
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Table 6. Maximum Distance Traveled, MDT, x C-BARQ & DIAS Spearman
Coefficient Correlation
Set 1-MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT
MDT

Set 2 C-BARQ & DIAS
Stranger-Directed
Aggression
Owner-Directed
Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related
Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3

N

Correlation 95% CI for ρ

19

-0.089 (-0.523, 0.381)

0.716

19
19
19
19
19
19
19
19

-0.132
-0.036
-0.275
-0.243
-0.108
-0.012
-0.281
-0.004

(-0.555, 0.344)
(-0.482, 0.425)
(-0.654, 0.214)
(-0.632, 0.245)
(-0.537, 0.365)
(-0.464, 0.444)
(-0.657, 0.208)
(-0.457, 0.451)

0.589
0.884
0.254
0.317
0.659
0.960
0.244
0.989

19
19

-0.266 (-0.647, 0.223)
-0.061 (-0.502, 0.405)

0.272
0.803

19
19
19
19
19
19

-0.057
0.077
-0.078
-0.124
-0.421
0.063

0.816
0.755
0.752
0.613
0.072
0.799

(-0.499, 0.408)
(-0.392, 0.514)
(-0.514, 0.391)
(-0.549, 0.352)
(-0.745, 0.062)
(-0.403, 0.503)

P-Value

Table 6. MDT vs C-BARQ and DIAS Scores. MDT is a measure of impulsivity in a Spatial Discounting
Test, (Brady et al., 2018). Alpha - 0.05, Confidence Coefficient – 95%, P-value  0.05. There was
insufficient evidence to conclude a monotonic association between MDT and any of the 18 C-BARQ or
DIAS variables. The CI includes zero for all correlations and p-values are greater than 0.05, indicating
there is not sufficient evidence to conclude a statistically significant monotonic association between any
test variables.

None of the pairwise associations between variables for the C-BARQ or DIAS and
maximum distance traveled had a p-value or confidence interval that indicated statistical
significance (Table 6). Unexpectedly, these data indicate the psychometric subscales that
we expected to predict behavioral outcome did not. This suggests that the psychometric
tests and this behavioral test do not measure the same condition. Therefore, our
prediction was not supported by the data; either the psychometric tests do not predict
impulsivity, or the behavioral test did not measure impulsivity. While there were no
statistically significant associations, F2 and maximum distance traveled p-value was
0.072. F2 assesses the dog’s frustration, fear, and tendency to act in an aggressive manner
in response to a novel situation or novel object. As a result, a study with adequate power
may be valuable for investigating the negative affective state associated with these two
variables more completely.
Body weight as a predictor of MDT
Bodyweight has been found to be a metric associated with decreased inhibition.
(McGreevy, et. al, 2013; Clay et al. 2020; Salonen et.al., 2021; Mikkol et.al, 2021). Mean
body weight from Clay, 2020, of 47 pounds was used to differentiate this study’s
participants into two groups. A Mann-Whitney statistical test was calculated to evaluate
the distribution of maximum distance traveled in the two groups (S6). The p-value
adjusted for ties was 0.061 which did not support statistical significance for weight as a
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variable predicting maximum distance traveled (Figure 14). Although the association
between weight and maximum distance traveled was not statistically significant at these
parameters the limited sample size of this study may not be appropriately powered to
address this relationship. A more accurately powered sample size could reveal an
association and be of interest in a future study.
Figure 14. Maximum Distance Traveled in Inches versus Weight in Pounds

Figure 14. MDT in Inches versus Weight in Pounds. Study subjects were divided into two weight groups
based on Clay et al., 2020. Under and over 47 pounds groups were compared to maximum distance
traveled using a Mann-Whitney calculation. Weight was not found to have a statistically significant
relationship to maximum distance traveled. Achieved Confidence 95.18%, Adjusted for Ties W-value 90.50,
P-value 0.061, (S6).
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Sex as a predictor for MDT
Fadel et. al., 2015.found that females engage in impulsive behaviors more frequently than
males. A Mann-Whitney statistical test was calculated to analyze the distribution of
maximum distance traveled between male and female study subjects (S7). The p-value
adjusted for ties was 0.534 did not support statistical significance for sex as a predictor
for maximum distance traveled (Figure 15).
Figure 15. Maximum Distance Traveled versus Sex

Figure 15. MDT versus Sex. Study subjects maximum distance traveled were compared based on the
criteria of sex using a Mann-Whitney calculation. Sex was not found to have a statistically significant
relationship to maximum distance traveled. Achieved Confidence 95.09%, Adjusted for Ties W-value
134.50, P-value 0.534. (S7)
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Discussion
This study examined the association between two psychometric tests and a behavioral test
focusing on impulse control in dogs. The Canine Behavioral Assessment and Research
Questionnaire, C-BARQ, is a validated psychometric tool which provides a global
personality profile. The Dog Impulsivity Assessment Scale, DIAS, is a validated
psychometric tool which provides a personality score centered on the trait of impulsivity
in dogs. Not surprisingly, this study found several C-BARQ and DIAS subscale
correlations that related to owner reported problem behaviors. Additional statistical
controls revealed C-BARQ subscale Chasing/ DIAS subscale F3, both of which are
concerned with environmental distractibility, and C-BARQ subscale Touch Sensitivity
/DIAS subscale F2, both of which are concerned with defensive aggression, have an
especially strong association. We did not find a significant association between the
psychometric test scores and behavioral test results. Additionally, physical properties of
bodyweight and sex did not suggest a significant association with behavioral test results
either. These results advance interesting considerations regarding problem behavior
attribution and actions in dogs.
In brief, the C-BARQ subscale Chasing refers to the tendency to pursue small animals if
the opportunity occurs, while F3 refers to the dog’s responsiveness, interest in the
environment, and distractibility by environmental reinforcers. Situational awareness is an
evolutionarily influenced trait as well as an individually reinforced tendency.
Environmental interest is desirable but must be placed under stimulus control for
discretion or resulting behaviors can become unpredictable. A dog who is quickly
distracted with environmental reinforcers, i.e., other dogs walking with their owners,
often leaves their handlers struggling to recapture the dog’s attention. Frustration
associated with the inability to keep the dog’s attention on task often leads to less
interaction between dog and handler, without that interaction no new coping strategies
are practiced.
As a reminder, Touch Sensitivity refers to vigilant, cautious, and escape behaviors
associated with physical restraint and handling, while F2 refers to anxiety, fear,
frustration, lowered tolerance to potential aversive stimuli and defensive aggression,
particularly in response to novel objects and situations. Both Touch Sensitivity and F3
offer insights into an individual’s “flight” tendency and intolerance to restraint. These
dogs’ tendency is to escape situations that are anxiety producing, but who will resort to
defensive aggression when escape is eliminated as an option. Verbal reprimands and
physical manipulation often exacerbate the dog’s anxiety resulting in severe stress and
increasing likelihood of aggression. As expected very little learning occurs in an extreme
state of arousal due to divided attention and adverse effects on memory formation
(Schwabe, L., et.al.2010). Often these dogs are considered untrainable by handlers,
resulting in dismissal from formal training programs and decreased attempts to modify
behavior by owners.
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Additional provocative results that do not have statistical power emerged regarding
owner bias, which must be a consideration in psychometric testing. Cavalli et al. (2017)
speculate that in behavioral inhibition tests wide variation within the test scores can be an
effect of overt influence of guardians during testing scenarios. It must be remembered
that psychometric data is indirect and for that reason it can be influenced by bias.
Psychometric test scores are derived from owner responses which may reflect historic
discouragement and resignation. For example, one dog within this test group was
rehomed following the completion of the C-BARQ questionnaire, but before the
behavioral test was administered. Six weeks later the C-BARQ questionnaire was
completed by the new owner (Figure 16a and Figure 16b). These results were used for
association evaluation of the dog in the spatial discounting test. Interestingly, consistent
with Cavalli’s suggestion that psychometric tests do not measure behavior traits such as
impulsivity directly, but instead the owner’s subjective attribution of the trait in the dog,
this dog’s two sets of psychometric test scores are dramatically different. My own dog’s
C-BARQ scores were completed by two members of my family with dramatically
different results (S5). Consistent with these observations, Janis Bradley, Director of
Communications & Publications for the National Canine Research Council, at a recent
talk hosted by Maddie’s Fund, noted “how we categorize behavior, and name those
categories, often reveals more about our biases than the subjects of those studies”
(Bradley, J., “Irreconcilable Differences? Maybe Not!”. Big Dog Master Class, Maddie’s
Fund, virtual, 03/29/22).
Figure 16a. Previous owner C-BARQ scores.

Figure 16b. Current owner C-BARQ scores.

Figure 16. C-BARQ scores for “Ari” from previous and current owners, completed on
June 5,2021 and August 21,2021. The two different owners gave very different
assessment answers that are reflected in significant score differences in Trainability, and
Non-Social Fear. Interestingly, both owners did report behavior that resulted in scores
for Stranger-Directed Fear and Separation-related problems that are higher than the
population average.
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As is the case with many traits, the likelihood for a characteristic does not predict the
certainty that a characteristic will be expressed. Characteristics are also subject to
observer interpretation; for example, persistence can be described as perseverance or
stubbornness. In a survey including both veterinarians and the public, respondents
associated dog body size, coat color, and perceived reputation for aggression with
reduced sensitivity to pain (Gruen et al.,2020). Social discrimination influencing
attribution of sensitivity to pain based on specific physical characteristics has
implications for appropriate recognition and management of pain. The results of the
current study suggest social discrimination may also influence an owner’s interpretation
of the likelihood of impulsivity in dogs, offering the basis for a future study to investigate
further.
In contrast to psychometric subscales associations, we found no significant association
between C-BARQ subscales, DIAS subscales, sex, and weight with maximum distance
traveled in a behavioral test of impulsivity. Under the conditions of this study the Spatial
Discounting Test results did not correlate with either C-BARQ or DIAS questionnaire
results, suggesting that the Spatial Discounting Test conducted is not a test for
impulsivity. Conversely, as the questionnaire results also did not correlate with the
Spatial Discounting Test outcome, they may not predict impulsivity. The complex
relationship between context and individual temperament requires a variety of scenarios
to reveal the tendency to act in a consistent manner. Conducting multiple behavioral
assessments, testing different aspects of impulsivity, may suggest a more complete
measurement of a dog’s inhibitory control (Leonardi et al., 2012; MacLean et al., 2014;
Brucks et al., 2017). Genetics, social learning, stress, fatigue, historic reinforcement, and
feeding ecology have all been implicated in the capacity to exercise inhibitory control.
(Vernouillet et al.,2016; MacLean et al., 2014; Brucks et al.,2017). Even within a specific
breed the selection for type of work has been shown to be associated with differing
expressions of impulsivity (Fadel et al., 2015).
Our analysis is based on a relatively small sample size and specific owner demographic
group. All dogs recruited for participation in the study are owned by individuals working
within the veterinary medicine field. It is possible there is greater interaction between
these dog/handler teams than in the general population. These dogs may have benefited
from more socialization than the general population of dogs and therefore these dogs
were less inclined than the general population of dogs to show impulsive behaviors. This
observation could be the basis for further investigation, including, for example, repeating
the study with randomly selected companion dogs, shelter dogs and working dogs.
The possibility that neither psychometric test results or a spatial discounting test gives a
full account of a study subject’s inhibitory control suggest the complex nature of the
questions; who will act impulsively, under what context are they more likely to behave
inappropriately, can learning modify the tendency, and can labeling influence attribution?
Are there dogs who have been labeled impulsive who in another setting would be labeled
differently? Not because their behavior is different, but because the observer is different.
Many dogs react when the doorbell rings, but not all people care. We must consider the
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affective state of the individual, the history of training and reinforcement, and the bias of
the observer in the study of behavior incompatibilities.
Overall, our analysis attempted to identify associations between commonplace patterns of
impulsivity through a maximum distance traveled behavioral test and psychometric test
scores. The motivation for investigating whether an association could be identified was to
use a readily available, less costly measurement tool to accurately diagnose a commonly
reported behavior problem that can have devastating effects. Impulsivity is the behavioral
outcome of a complex manifestation of psychological and physiological stress. The
severity of the behavior is concluded from secondhand reporting, this further complicates
evaluation due to bias. This study does suggest that assessment of environmental
distractibility and fear aggression tested by C-BARQ and DIAS subscales of Chasing/F3
and Touch Sensitivity/F2 provide important clues about both handler and dog.
Psychometric tests can be useful in revealing observer reported canine behavior patterns,
but they should be interpreted with care and used as a part of a diagnostic behavior panel.
Our study suggests that maximum distance traveled may not be a sufficient stand-alone
measure of impulsivity. Testing multiple inhibitory control measurements would provide
refinement of inhibitory control assessment (Brucks et al., 2017). Our results suggest that
predicting impulsivity, while aspirational, requires careful consideration of measurement
parameters involving dog, handler, context, and history. We are hopeful that that the
analysis of physiological test data collected during this study, heart rate variability, will
help disentangle the relationship between temperament, attribution, and behavior with
impulsivity as a central feature of dog reported behavioral incompatibilities.
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Personal Statement
Behavior problems are the leading reason given by people worldwide for abandoning
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dogs. According to Maddie’s Fund, behavioral problems are the principal reason for
surrendering dogs. Behavior problems are the second most common cause of re-homing
pets according to the ASPCA and are the primary reason given in the 2015 Affinity
Foundation Study on animal abandonment, loss and adoption of pets in Spain.
Impulsivity negatively impacts the ability to learn new tasks and is a primary criterion for
dismissal from working dog programs. Lack of integration into an owner’s home due to
impulsive behavior, or a working dog training program results in frustration for the
guardian and the dog. This often results in negative welfare for the dog and ultimately
owner relinquishment. As a small animal-practitioner, I see the effect of canine
reactivity and impulsivity weakening the human-animal bond, and the unfortunate
outcome of unresolved behavior problems in owned dogs. My interest in this subject
motivated me to pursue a research project to validate protocols that can be used in
clinical practice to identify dogs with impulsivity traits. Early assessment and
identification will provide the opportunity to intervene sooner and more effectively,
resulting in better welfare outcomes for these dogs.

Project Summary
The overarching definition of impulsivity is action without forethought, or the lack of
consideration of a beneficial outcome for the actor. In people impulsivity is associated
with many psychiatric disorders including ADHD, addiction, depression, and aggression.
In the dog impulsivity has often been studied in reference to aggressive behavior.
Impulsivity has begun to be considered in broader, non-aggressive contexts in order
create an assessment of a dog’s tendency to act inappropriately as a trait, not as a
condition of a state. Inhibition is the ability to suppress actions that are inappropriate or
undesirable in a given context in reference to reward goals. (Bunford et al., 2019).
Inhibition allows the actor/dog to ignore interference from perceived and actual
distractions in the environment in order to successfully achieve a goal while avoiding
non-productive behaviors. When inhibition does not occur maladaptive behaviors occur
in the form of impulsive choices.(Humby & Wilkinson, 2011). The study of maladaptive
responses to stress has begun to correlate the relationship between elevated arousal
states and behavioral characteristics of aggression, vigilance, and reduced learning
ability. (Beausoleil et al., 2012).

C- BARQ, the Canine Behavioral Assessment and Research Questionaire is a validated
behavioral assessment tool for temperament evaluation for companion, service, and
working dogs. It is a useful assessment tool for screening dogs for behavior problems by
measuring the prevalence and severity of those behaviors. It has been validated as an
assessment tool for service dog and pet dog temperament testing and has been used in
approxiamtely 50,000 evaluations.
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The Dog Impulsivity Assessment Scale is a validated behavior assessment tool used to
assess impulsive tendencies in dogs using an owner reporting questionnaire. 18 criteria
are used to provide an overall questionnaire score for impulsivity as well as scores for
three underlying factors derived from the principal component analysis of original
individual data. It is used to assess the trait of impulsivity and its contribution to
frustration related behavioral problems in dogs, response to treatment interventions, as
a tool to select working dogs where impulsivity is important to their success/failure, and
in screening shelter dogs.
Temporal discounting tasks are an effective method for measuring tolerance of delay of
reward delivery. Time to receipt of reward is an important criterion for goal directed
behavior and decision making. The investment of time prior to reward presentation is
perceived as a cost that is weighed against a beneficial future outcome. Smaller rewards
that are accessible sooner are often preferred over uncertain future reinforcement. The
value of the reward is discounted as a function of the postponement of presentation,
particularly in an individual intolerant to delayed gratification. Temporal discounting
tasks typically require longer training time in research settings and spatial discounting
has been shown to be an effective means to measure impulsivity in reward choice based
on effort of acquisition. Spatial discounting measures time to reward as well as effort,
due to increased distance traveled for reward requiring longer goal directed
behavior.(Brady et al., 2018)(Mongillo et al., 2019)(Stevens et al., 2005)
Heart rate variability is a measure of time between each heartbeat. The autonomic
nervous system controls heartrate, blood pressure, respiratory rate and digestion. The
two complimentary systems of the autonomic nervous system, parasympathetic and
sympathetic, allow for appropriate responses to environmental stimuli/challenges. The
parasympathetic nervous system, PNS, is often referred to as to as being responsible for
rest and digest functions while sympathetic nervous system, SNS, is responsible for
flight, flight, and freeze responses. Heartrate variability indicates the balance between
these two systems. If SNS tone is elevated the time interval between heartbeats
becomes more uniform, if the PNS tone is elevated the heartbeat interval variation is
high. High heartrate variability in people is associated with emotional regulation at rest
and during task events, people with higher heartrate variability are better able to
regulate their emotional responses and focus during adverse task events. Low HRV in
people is associated with elevated anxiety and depression while high HRV is associated
with appropriate emotional regulation, decision making, and attention. Emotional
responses in elevated arousal states occur during high SNS tone and compete with, and
inhibit other behavioral responses directed by PNS tone. We can infer the degree of SNS
tone and arousal state by monitoring an individual’s responses in a non-specific stress
test, as well as by recording physiological measures of alarm and increasing stress,
namely heartrate and heartrate variability. (Appleby et al., 2018).
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My project hypothesis is:
Adult dogs who have low heart rate variability, indicating high sympathetic tone, and
high psychometric test scores on the C-BARQ and DIAS behavior assessments, indicating
higher tendency for reactive and impulsive behavior, will have low maximum distance
traveled measurements on a spatial discounting test.
Project protocols:
•
•
•
•
•
•
•
•
•

•
•

•

All dogs will be recruited from and provided by employees from Pharr Road
Animal Hospital.
25 dogs will be participating in this study.
No invasive or painful procedures will occur during project protocols.
Dogs included in the study are pet dogs with no behavioral or prohibitive
orthopedic diagnosis.
All dogs will have various levels of obedience training.
Ages of participant dogs are 6 months to 10 years old.
Gender, weight, and breed data will be included for all dogs tested.
All respondents will provide informed consent to test/assess, handle, and feed
dogs prior to study start date.
The research project consists of three data collection scenarios: two
psychometric tests, a spatial discounting test, and heart rate variability
recordings in the clinic and at home.
All dog handling protocols will be recorded on video.
Owner will perform all dog handling procedures other than the in-clinic HRV
tracing and DVM will provide client education for the at home heart rate
variability recording.
A PhD in Reproductive Endocrinology will assist during the Spatial Discounting
Test to replenish reward trays and move the large reward tray to the next distant
position. He will not interact with any of the dogs during the test but will make
himself available for inspection by the participating dogs prior to the test.

Psychometric Testing
Pet guardians will complete the C-BARQ behavior assessment profile as an evaluation of
canine temperament and behavior. The C-BARQ will be administered online, and the
scores will be tabulated through the C-BARQ website, www.cbarq.org. Pharr Road
Animal Hospital is a registered user of the C-BARQ assessment for this project. Results of
the C-BARQ assessment will be provided to caregivers after data analysis.
Pet guardians will complete the DIAS as an evaluation of impulsivity trait as the Overall
Questionnaire Score, OQS, as well as three component factors of Behavior Regulation,
Aggression and Response to Novelty, and Responsiveness. The DIAS will be administered
online with scoring tabulated by the researcher. Researcher has a product license to use
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the assessment during this project. Results of the DIAS assessment will be provided to
caregivers after data analysis.
Spatial Discounting Test
1. All training and testing sessions will be recorded,
2. All dogs will be held off food for four hours prior to the start of the test.
3. Guardians will sign release to administer test and provide food rewards. Food
rewards will be either Horizon mozzarella cheese 1 cm3 or Natures Variety Freeze
Dried Beef Mixers.
4. Guardians will handle their dog in the training and testing phase.
5. Test site arrangement:
a. Test will be conducted in a controlled, enclosed space, measuring at 5.5 x 10
meters at Pharr Road Animal Hospital.
b. One meter will be measured from the wall to the dog start line.
c. One meter will be measured from the dog start line to the training/testing
field start line.
d. The testing field will be marked in 25 cm increments from the field start line
to 8 meters.
Training protocol
1. Two identical test trays, Coobbar Plastic Arts and Crafts Trays, 11 x 8.3 x 1.2
inches, one yellow and one blue will be used as reward trays.
2. The assignment of color for the large reward tray will be randomized for each
dog.
3. The assignment of left or right position of the large reward tray will be
randomized for each dog.
4. Trays will be positioned lengthwise on the field start line.
5. Dogs will be positioned in room adjacent to the test field blocking their view of
the test field and the trays. Dogs will be on lead with their handler. The assistant
will say “Ready” and the handler will walk the dog to the start line position 36
inches from the test field and will release the dog to the test field.
6. Both trays will be presented simultaneously.
7. Dogs will have up to five trials of ten repetitions to meet criteria for testing.
8. Dogs must meet criteria of large reward tray choice in eight out of ten
repetitions in two successive trials, with the last five repetitions of both trials
being the large reward tray choice.
9. Dogs will take a ten-minute break between training and testing.
Testing protocol
1. Test field will be as described above with the addition of a barrier placed on the
midline of the field and reward trays positioned lengthwise at the field start line
25 cm from the midline.
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2. The barrier ensures that when the dog makes a choice for a reward tray, they
cannot change that decision and switch sides of the field.
3. Large reward tray color and left /right position of large reward tray will remain
consistent from training scenario.
4. The dog will wait in the adjacent room with their handler until the alerted by the
assistant “Ready” cue. The handler will then walk the dog to the test field on
lead to position the dog one meter from the field start line and the reward trays.
5. The handler will drop the lead and the dog will be allowed to approach the test
field and choose a reward tray to obtain the food reward. The handler will
reduce the lead length and return to the adjacent room with the dog.
6. The assistant will replenish the reward tray and reposition the tray.
7. Each time the large reward tray is chosen it will be moved 25 cm further from
the test field start line. If the small reward tray is chosen both trays remain at the
preceding distance from the field start line.
8. Testing ends when the dog chooses the small reward tray five times in
succession.
9. The distance to the large reward tray is measured and recorded as the maximum
distance traveled, MDT. MDT is recorded from the front of the tray. All dogs
must choose the large reward tray at least once for the MDT to be valid.

Heart Rate Variability Recording
In Clinic HRV Recording
1. All sessions will be recorded.
2. Guardian, dog, and researcher will enter exam room provided with dog bed and
chair.
3. Dog chest circumference will be measured caudal to front legs. Dogs with heavy
or long coat will have hair shaved in HRM strap position.
4. Guardian will be present for first heart rate variability, HRV, recording. Guardian
will receive instruction during this recording on appropriate placement of heart
rate monitor strap with electrode gel on their dog.
5. Polar H10 HRM strap will be adjusted to one inch shorter than chest
circumference measurement to ensure a snug fit.
6. Polar H10 HRM will be prepared by attaching the connector to the strap and
then applying approximately two ml of Spectra 360 12-08 electrode gel to
electrode portion of HRM strap. HRM strap will be placed on dog chest just
caudal to front legs with the connector located over the point of strongest heartbeat palpation.
7. Guardian will be instructed how to use Polar Equine HRV app on a provided
smart phone. Polar Equine HRV app will be opened and a recording will be
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selected. HRV recording will take 6 minutes. Heart rate variability will be
recorded in the Polar Equine HRV app on the provided smart phone. Dog’s name,
date, time, and guardian present will be recorded in the notes section of the
tracing. The recording will be saved.
8. The second HRV recording is identical to the first and will take place immediately
after the first but, without the guardian present. The guardian will leave the
exam room and wait quietly in the exam room across the hall. Researcher will
conduct the second tracing. The dog’s name, date, time and guardian absent will
be recorded in the notes section of the tracing. The recording will be saved.
9. The owner will return to the exam room with their dog. The owner will be
instructed how to remove the HRM strap, and how to clean electrode gel off the
dog’s skin with a damp towel.
10. The owner will be instructed to clean gel from the electrode portion of the HRM
strap, disconnect the connector and replace the strap and connector in the
carrying case for use at home.
At Home HRV Recording
1. Guardian will have written instructions for HRV recording at home.
2. Researcher will schedule a Zoom meeting with the Guardian to assist the HRV
recording at home. The researcher will record the Zoom meeting and request
that the smart phone be positioned on a tripod and with the screen in view
during the recording.
3. Guardian will attach connector, apply electrode gel and place HRM strap on dog.
Guardian will open Polar Equine HRV app on provided smart phone, choose a
recording, take a 6-minute recording. The dog’s name, date, time and home
recording will be noted in recording notes section. HRV recording will be saved.
4. Researcher will assist with instructions to clean electrode gel from dog’s skin.
Researcher will assist with instructions for cleaning HRV strap, disconnecting
connector, replacing HRM in case with smart phone, tape measure and tripod to
return to researcher at their next scheduled workday.
Instructions for Guardian for at home heart rate variability recording:
1. Administer the heart rate variability recording in a quiet, comfortable place in
your home where you will not be interrupted. Consider having a dog bed and a
chew available for your dog if that is something they normally enjoy.
2. The circumference of your dog’s chest that was measured at the clinic was
_____. We measured the heart rate monitor chest strap one inch shorter to
ensure a snug fit. Use the enclosed tape measure to confirm that the length of
the heart rate monitor strap is ____.
3. Apply the connector to the heart rate monitor strap.
4. Apply approximately 2 ml Spectrum electrode gel to the rubber portion of the
heartrate monitor strap. This side of the heart rate monitor will be in contact
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with your dog’s skin to get a good recording of your dog’s heart rate variability.
5. Place the heart monitor strap on your dog.
6. Place the Android smart phone on the tripod. Place the iPhone on a second
tripod and orient this device to record the Android phone displaying the ECG
tracing of the heart rate as well as your dog.
7. Open the Polar Equine HRV app on the Android phone. Press the + sign in the
center bottom of the app screen. Choose “Open HRV reading”. Choose take
test. The heart rate monitor will connect to the app and you will begin to see a
tracing on the screen. Choose start reading and the tracing will be recorded.
The recording will take 10 minutes.
8. I will be recording our Zoom meeting and will ask you to place the phone on
the tripod where the screen can be seen during the tracing.
9. When the heart rate tracing is complete you will hear a chime. Choose
“save”. Choose the home icon on the far left at the bottom of the screen. Scroll
down past “view all data”. Scroll down to “Type your note here” and add your
dog’s name, the date, the time, and “at home tracing” in the notes section.
10. Remove the heart rate monitor strap from your dog and clean the gel from
their skin with a damp towel.
11. Disconnect the connector. Clean the gel from the heart rate monitor strap with
a damp towel and return the heartrate monitor strap and connector to the
case. Return the tape measure, phone, and tripod to the case.
12. Return the case with the heart rate monitor, tripod, phone, and tape measure
to me at your next scheduled workday.
13. THANK YOU for your participation in this research project!
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S2

Table 3. Master Data Sheet-Name, Age, C-BARQ, DIAS Scores, Weight, MDT, Sex,
Population Average, Normal Ranges

Dogs highlighted in yellow had two training sessions for SDT.
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S3 Spearman’s Coefficient Correlation at 95% CI, alpha – 0.05, P-value  0.05
Correlation: Stranger-Directed Aggression, Owner-Directed Aggression, DogDirected Aggression, Dog-Directed Fear, Familiar Dog Aggression, Trainability,
Chasing, Touch sensitivity, Nonsocial Fear, Separation-Related Problems,
Excitability, Attachment/Attention Seeking, Energy, OQS, F1, F2, F3, MDT

Method
Correlation type
Spearman
Number of rows used 19
ρ: pairwise Spearman correlation

Correlations

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT

Stranger-Directed
Aggression

Owner-Directed
Aggression

Dog-Directed
Aggression

Dog-Directed
Fear

0.546
0.359
0.009
0.570
0.058
0.448
0.592
0.018
0.357
0.779
0.443

0.340
0.293
0.567
-0.032
0.273
0.638
0.342
0.416
0.616
-0.071

0.599
0.405
0.188
0.725
0.436
0.421
0.049
0.354
-0.055

0.441
-0.041
0.274
0.303
0.377
0.043
0.066
0.021

0.502
0.711
0.510
0.444
0.498
-0.089

0.064
0.523
0.287
0.562
0.583
-0.132

0.539
0.488
0.299
0.329
0.710
-0.036

0.312
0.154
0.161
0.190
0.359
-0.275

Familiar Dog
Aggression
Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems

-0.186
0.646
0.488
-0.147
0.309

Trainability Chasing

-0.028
-0.115
0.168
-0.403

0.341
0.035
0.226

Touch
sensitivity

Nonsocial
Fear

0.318
0.484

0.199
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Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT

0.624
0.076

-0.023
-0.062

0.475
0.045

0.375
0.216

-0.203
-0.200

0.472
0.616
0.427
0.187
0.537
-0.243

-0.171
-0.355
-0.494
0.041
-0.024
-0.108

0.570
0.626
0.387
0.108
0.740
-0.012

0.285
0.570
0.402
0.746
0.422
-0.281

0.085
-0.000
-0.103
0.494
0.299
-0.004

Separation-Related
Problems

Excitability

0.163
-0.095

0.333

0.072
0.506
0.387
0.240
0.464
-0.266

0.306
0.702
0.559
0.308
0.556
-0.061

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT

OQS

F1

F2

Attachment/Attention
Seeking Energy

0.124
0.086
0.129
0.120
-0.145
-0.057

0.702
0.695
0.160
0.469
0.077

F3

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
0.897
F2
0.408 0.361
F3
0.748 0.510 0.269
MDT
-0.078 -0.124 -0.421 0.063

Pairwise Spearman Correlations
Sample 1

Sample 2

N

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability

Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression

19
19
19
19
19
19
19
19
19
19
19

Correlation 95% CI for ρ
0.546
0.359
0.009
0.570
0.058
0.448
0.592
0.018
0.357
0.779
0.443

(0.087, 0.814)
(-0.130, 0.707)
(-0.447, 0.461)
(0.119, 0.826)
(-0.408, 0.499)
(-0.032, 0.760)
(0.148, 0.837)
(-0.440, 0.468)
(-0.131, 0.706)
(0.450, 0.922)
(-0.037, 0.757)

P-Value
0.016
0.132
0.972
0.011
0.815
0.054
0.008
0.942
0.133
0.000
0.057

Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression

19
19
19
19
19
19
19
19
19
19

0.502
0.711
0.510
0.444
0.498
-0.089
0.340
0.293
0.567
-0.032

(0.033, 0.790)
(0.327, 0.893)
(0.042, 0.795)
(-0.036, 0.758)
(0.027, 0.788)
(-0.523, 0.381)
(-0.149, 0.695)
(-0.196, 0.665)
(0.115, 0.825)
(-0.480, 0.428)

0.028
0.001
0.026
0.057
0.030
0.716
0.154
0.224
0.011
0.895
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Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Familiar Dog Aggression
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Trainability
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Chasing
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Touch sensitivity
Nonsocial Fear

Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression

19
19
19
19
19
19

0.273
0.638
0.342
0.416
0.616
-0.071

(-0.215, 0.652)
(0.214, 0.860)
(-0.147, 0.696)
(-0.068, 0.742)
(0.182, 0.849)
(-0.509, 0.396)

0.258
0.003
0.152
0.076
0.005
0.773

Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.064
0.523
0.287
0.562
0.583
-0.132
0.599
0.405
0.188
0.725
0.436
0.421
0.049
0.354
-0.055

(-0.403, 0.504)
(0.058, 0.801)
(-0.202, 0.661)
(0.108, 0.822)
(0.136, 0.833)
(-0.555, 0.344)
(0.158, 0.841)
(-0.080, 0.735)
(-0.295, 0.595)
(0.352, 0.899)
(-0.045, 0.753)
(-0.062, 0.744)
(-0.415, 0.492)
(-0.134, 0.704)
(-0.497, 0.410)

0.795
0.022
0.234
0.012
0.009
0.589
0.007
0.086
0.440
0.000
0.062
0.073
0.842
0.137
0.824

Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear

19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.539
0.488
0.299
0.329
0.710
-0.036
0.441
-0.041
0.274
0.303
0.377
0.043
0.066
0.021

(0.079, 0.810)
(0.015, 0.782)
(-0.190, 0.669)
(-0.160, 0.689)
(0.327, 0.893)
(-0.482, 0.425)
(-0.040, 0.756)
(-0.486, 0.422)
(-0.214, 0.653)
(-0.186, 0.672)
(-0.110, 0.718)
(-0.419, 0.488)
(-0.401, 0.505)
(-0.437, 0.471)

0.017
0.034
0.214
0.169
0.001
0.884
0.059
0.869
0.256
0.207
0.112
0.861
0.790
0.932

Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression

19
19
19
19
19
19
19
19
19
19
19
19
19

0.312
0.154
0.161
0.190
0.359
-0.275
-0.186
0.646
0.488
-0.147
0.309
0.624
0.076

(-0.177, 0.677)
(-0.326, 0.570)
(-0.319, 0.575)
(-0.293, 0.596)
(-0.129, 0.707)
(-0.654, 0.214)
(-0.593, 0.297)
(0.226, 0.864)
(0.016, 0.783)
(-0.566, 0.331)
(-0.180, 0.675)
(0.194, 0.853)
(-0.392, 0.513)

0.194
0.530
0.510
0.435
0.131
0.254
0.446
0.003
0.034
0.547
0.198
0.004
0.758

Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Trainability
Trainability
Trainability
Trainability
Trainability
Trainability

19
19
19
19
19
19
19
19
19
19
19
19

0.472
0.616
0.427
0.187
0.537
-0.243
-0.028
-0.115
0.168
-0.403
-0.023
-0.062

(-0.004, 0.774)
(0.182, 0.849)
(-0.056, 0.748)
(-0.296, 0.594)
(0.076, 0.809)
(-0.632, 0.245)
(-0.477, 0.431)
(-0.542, 0.359)
(-0.313, 0.580)
(-0.734, 0.082)
(-0.472, 0.436)
(-0.503, 0.404)

0.041
0.005
0.068
0.443
0.018
0.317
0.908
0.638
0.491
0.087
0.925
0.800

Trainability
Trainability
Trainability
Trainability
Trainability
Trainability
Chasing
Chasing

19
19
19
19
19
19
19
19

-0.171
-0.355
-0.494
0.041
-0.024
-0.108
0.341
0.035

(-0.583, 0.310)
(-0.705, 0.133)
(-0.786, -0.022)
(-0.421, 0.487)
(-0.473, 0.435)
(-0.537, 0.365)
(-0.148, 0.696)
(-0.426, 0.482)

0.483
0.136
0.032
0.867
0.921
0.659
0.154
0.887
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Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
MDT
Energy
OQS
F1
F2
F3
MDT
OQS
F1
F2
F3
MDT
F1
F2
F3
MDT
F2
F3
MDT
F3
MDT

Chasing
Chasing
Chasing

19
19
19

0.226 (-0.260, 0.621)
0.475 (-0.001, 0.775)
0.045 (-0.418, 0.489)

Chasing
Chasing
Chasing
Chasing
Chasing
Chasing
Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity

19
19
19
19
19
19
19
19
19
19

0.570
0.626
0.387
0.108
0.740
-0.012
0.318
0.484
0.375
0.216

(0.118, 0.826)
(0.197, 0.854)
(-0.100, 0.724)
(-0.365, 0.537)
(0.377, 0.906)
(-0.464, 0.444)
(-0.171, 0.682)
(0.011, 0.780)
(-0.112, 0.717)
(-0.269, 0.614)

0.011
0.004
0.102
0.659
0.000
0.960
0.184
0.036
0.114
0.374

Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear

19
19
19
19
19
19
19
19
19

0.285
0.570
0.402
0.746
0.422
-0.281
0.199
-0.203
-0.200

(-0.204, 0.660)
(0.118, 0.826)
(-0.083, 0.733)
(0.388, 0.908)
(-0.061, 0.745)
(-0.657, 0.208)
(-0.285, 0.602)
(-0.605, 0.282)
(-0.603, 0.284)

0.237
0.011
0.088
0.000
0.072
0.244
0.415
0.405
0.412

Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Separation-Related Problems
Separation-Related Problems

19
19
19
19
19
19
19
19

0.085
-0.000
-0.103
0.494
0.299
-0.004
0.163
-0.095

(-0.384, 0.520)
(-0.455, 0.454)
(-0.533, 0.370)
(0.023, 0.786)
(-0.190, 0.669)
(-0.457, 0.451)
(-0.318, 0.576)
(-0.528, 0.376)

0.728
0.999
0.676
0.031
0.214
0.989
0.506
0.698

Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Excitability

19
19
19
19
19
19
19

0.072
0.506
0.387
0.240
0.464
-0.266
0.333

(-0.395, 0.510)
(0.037, 0.792)
(-0.100, 0.724)
(-0.247, 0.630)
(-0.014, 0.769)
(-0.647, 0.223)
(-0.156, 0.691)

0.768
0.027
0.102
0.323
0.046
0.272
0.164

Excitability
Excitability
Excitability
Excitability
Excitability
Excitability
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Energy
Energy
Energy
Energy
Energy
OQS
OQS
OQS
OQS
F1
F1
F1
F2
F2

19
19
19
19
19
19
19

0.306
0.702
0.559
0.308
0.556
-0.061
0.124

(-0.183, 0.674)
(0.313, 0.889)
(0.104, 0.820)
(-0.181, 0.675)
(0.100, 0.819)
(-0.502, 0.405)
(-0.352, 0.548)

0.202
0.001
0.013
0.199
0.013
0.803
0.614

19

0.086 (-0.384, 0.520)

0.727

19

0.129 (-0.347, 0.553) 0.597

19

0.120 (-0.355, 0.545)

0.626

19

-0.145 (-0.564, 0.334)

0.555

19

-0.057 (-0.499, 0.408)

0.816

19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.702
0.695
0.160
0.469
0.077
0.897
0.408
0.748
-0.078
0.361
0.510
-0.124
0.269
-0.421

0.001
0.001
0.513
0.043
0.755
0.000
0.083
0.000
0.752
0.129
0.026
0.613
0.265
0.072

(0.313, 0.889)
(0.301, 0.886)
(-0.320, 0.575)
(-0.007, 0.772)
(-0.392, 0.514)
(0.706, 0.967)
(-0.077, 0.736)
(0.392, 0.909)
(-0.514, 0.391)
(-0.127, 0.708)
(0.042, 0.795)
(-0.549, 0.352)
(-0.219, 0.650)
(-0.745, 0.062)

0.352
0.040
0.856

46

MDT

F3

19

0.063 (-0.403, 0.503)

0.799

MDT by C-BARQ and DIAS subscales are highlighted in yellow. Significant monotonic associations between CBARQ and DIAS subscales are highlighted in green.
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S4
Bonferroni Corrected Spearman Correlation: Stranger-Directed Aggression,
Owner-Directed Aggression, Dog-Directed Aggression, Dog-Directed Fear,
Familiar Dog Aggression, Trainability, Chasing, Stranger-Directed Fear, Touch
sensitivity, Nonsocial Fear, Separation-Related Problems, Excitability,
Attachment/Attention Seeking, Energy, OQS, F1, F2, F3

Method
Correlation type
Spearman
Number of rows used 19
ρ: pairwise Spearman correlation

Correlations
Stranger-Directed
Aggression

Owner-Directed
Aggression

Dog-Directed
Aggression

Dog-Directed
Fear

0.546
0.359
0.009
0.570
0.058
0.448
0.628
0.592
0.018
0.357
0.779
0.443

0.340
0.293
0.567
-0.032
0.273
0.408
0.638
0.342
0.416
0.616
-0.071

0.599
0.405
0.188
0.725
0.365
0.436
0.421
0.049
0.354
-0.055

0.441
-0.041
0.274
0.459
0.303
0.377
0.043
0.066
0.021

0.502
0.711
0.510
0.444
0.498

0.064
0.523
0.287
0.562
0.583

0.539
0.488
0.299
0.329
0.710

0.312
0.154
0.161
0.190
0.359

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3

Familiar Dog
Aggression
Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1

Trainability Chasing

Stranger-Directed
Fear

Touch
sensitivity

-0.186
0.646
0.689
0.488
-0.147
0.309
0.624
0.076

-0.028
-0.020
-0.115
0.168
-0.403
-0.023
-0.062

0.292
0.341
0.035
0.226
0.475
0.045

0.720
0.127
0.385
0.402
0.293

0.318
0.484
0.375
0.216

0.472
0.616
0.427

-0.171
-0.355
-0.494

0.570
0.626
0.387

0.469
0.492
0.400

0.285
0.570
0.402
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F2
F3

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3

0.187
0.537

0.108
0.740

0.444
0.341

Nonsocial
Fear

Separation-Related
Problems

Excitability

0.199
-0.203
-0.200

0.163
-0.095

0.333

0.085
-0.000
-0.103
0.494
0.299

0.072
0.506
0.387
0.240
0.464

0.306
0.702
0.559
0.308
0.556

Energy OQS
Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3

0.041
-0.024

F1

0.746
0.422

Attachment/Attention
Seeking

0.124
0.086
0.129
0.120
-0.145

F2

0.702
0.695 0.897
0.160 0.408 0.361
0.469 0.748 0.510 0.269

Pairwise Spearman Correlations
Sample 1

Sample 2

N

Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Dog-Directed Aggression
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability

Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression

19
19
19
19
19
19
19
19
19
19
19
19

Correlation 99.91% CI for ρ
0.546
0.359
0.009
0.570
0.058
0.448
0.628
0.592
0.018
0.357
0.779
0.443

(-0.271, 0.905)
(-0.447, 0.843)
(-0.676, 0.685)
(-0.243, 0.913)
(-0.649, 0.711)
(-0.370, 0.875)
(-0.169, 0.928)
(-0.216, 0.919)
(-0.671, 0.690)
(-0.448, 0.843)
(0.096, 0.963)
(-0.374, 0.873)

P-Value
0.016
0.132
0.972
0.011
0.815
0.054
0.004
0.008
0.942
0.133
0.000
0.057

Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Stranger-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.502
0.711
0.510
0.444
0.498
0.340
0.293
0.567
-0.032
0.273
0.408
0.638
0.342
0.416
0.616

(-0.317, 0.892)
(-0.041, 0.949)
(-0.309, 0.895)
(-0.373, 0.874)
(-0.322, 0.891)
(-0.462, 0.836)
(-0.497, 0.818)
(-0.245, 0.912)
(-0.698, 0.663)
(-0.512, 0.810)
(-0.406, 0.861)
(-0.154, 0.931)
(-0.461, 0.837)
(-0.399, 0.864)
(-0.185, 0.925)

0.028
0.001
0.026
0.057
0.030
0.154
0.224
0.011
0.895
0.258
0.083
0.003
0.152
0.076
0.005
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Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Dog-Directed Fear
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Familiar Dog Aggression
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Trainability
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Chasing
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Stranger-Directed Fear
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy

Owner-Directed Aggression

19

-0.071

(-0.717, 0.641)

0.773

Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Owner-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.064
0.523
0.287
0.562
0.583
0.599
0.405
0.188
0.725
0.365
0.436
0.421
0.049
0.354
-0.055

(-0.645, 0.714)
(-0.296, 0.899)
(-0.502, 0.815)
(-0.252, 0.910)
(-0.227, 0.916)
(-0.207, 0.921)
(-0.409, 0.860)
(-0.569, 0.773)
(-0.015, 0.952)
(-0.442, 0.845)
(-0.381, 0.871)
(-0.395, 0.865)
(-0.654, 0.706)
(-0.451, 0.841)
(-0.709, 0.650)

0.795
0.022
0.234
0.012
0.009
0.007
0.086
0.440
0.000
0.125
0.062
0.073
0.842
0.137
0.824

Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Aggression
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear

19
19
19
19
19
19
19
19
19
19
19
19
19
19

0.539
0.488
0.299
0.329
0.710
0.441
-0.041
0.274
0.459
0.303
0.377
0.043
0.066
0.021

(-0.278, 0.904)
(-0.332, 0.888)
(-0.493, 0.820)
(-0.470, 0.832)
(-0.041, 0.949)
(-0.377, 0.872)
(-0.702, 0.658)
(-0.511, 0.810)
(-0.360, 0.878)
(-0.490, 0.822)
(-0.432, 0.850)
(-0.657, 0.703)
(-0.644, 0.715)
(-0.669, 0.692)

0.017
0.034
0.214
0.169
0.001
0.059
0.869
0.256
0.048
0.207
0.112
0.861
0.790
0.932

Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Dog-Directed Fear
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression

19
19
19
19
19
19
19
19
19
19
19
19
19

0.312
0.154
0.161
0.190
0.359
-0.186
0.646
0.689
0.488
-0.147
0.309
0.624
0.076

(-0.483, 0.825)
(-0.592, 0.757)
(-0.587, 0.761)
(-0.568, 0.774)
(-0.447, 0.843)
(-0.772, 0.571)
(-0.143, 0.933)
(-0.078, 0.943)
(-0.331, 0.888)
(-0.754, 0.595)
(-0.486, 0.824)
(-0.174, 0.927)
(-0.638, 0.720)

0.194
0.530
0.510
0.435
0.131
0.446
0.003
0.001
0.034
0.547
0.198
0.004
0.758

Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Familiar Dog Aggression
Trainability
Trainability
Trainability
Trainability
Trainability
Trainability
Trainability

19
19
19
19
19
19
19
19
19
19
19
19

0.472
0.616
0.427
0.187
0.537
-0.028
-0.020
-0.115
0.168
-0.403
-0.023
-0.062

(-0.347, 0.883)
(-0.185, 0.925)
(-0.389, 0.868)
(-0.570, 0.773)
(-0.280, 0.903)
(-0.696, 0.665)
(-0.691, 0.669)
(-0.739, 0.615)
(-0.582, 0.764)
(-0.859, 0.410)
(-0.693, 0.668)
(-0.713, 0.646)

0.041
0.005
0.068
0.443
0.018
0.908
0.934
0.638
0.491
0.087
0.925
0.800

Trainability
Trainability
Trainability
Trainability
Trainability
Chasing
Chasing
Chasing
Chasing
Chasing
Chasing

19
19
19
19
19
19
19
19
19
19
19

-0.171
-0.355
-0.494
0.041
-0.024
0.292
0.341
0.035
0.226
0.475
0.045

(-0.765, 0.580)
(-0.842, 0.450)
(-0.890, 0.326)
(-0.658, 0.702)
(-0.693, 0.667)
(-0.498, 0.817)
(-0.461, 0.836)
(-0.661, 0.699)
(-0.545, 0.790)
(-0.345, 0.884)
(-0.656, 0.704)

0.483
0.136
0.032
0.867
0.921
0.225
0.154
0.887
0.352
0.040
0.856

Chasing

19

0.570

(-0.243, 0.912)

0.011
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OQS
F1
F2
F3
Touch sensitivity
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Nonsocial Fear
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Separation-Related Problems
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Excitability
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Attachment/Attention
Seeking
Energy
OQS
F1
F2
F3
Energy
OQS
F1
F2
F3
OQS
F1
F2
F3
F1
F2
F3
F2
F3
F3

Chasing
Chasing
Chasing
Chasing
Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear

19
19
19
19
19
19
19
19
19

0.626
0.387
0.108
0.740
0.720
0.127
0.385
0.402
0.293

(-0.171, 0.928)
(-0.424, 0.853)
(-0.619, 0.736)
(0.013, 0.955)
(-0.024, 0.951)
(-0.608, 0.745)
(-0.425, 0.853)
(-0.411, 0.859)
(-0.497, 0.818)

0.004
0.102
0.659
0.000
0.001
0.605
0.103
0.088
0.223

Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear
Stranger-Directed Fear
Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity

19
19
19
19
19
19
19
19
19

0.469
0.492
0.400
0.444
0.341
0.318
0.484
0.375
0.216

(-0.350, 0.882)
(-0.328, 0.889)
(-0.412, 0.858)
(-0.374, 0.873)
(-0.461, 0.836)
(-0.478, 0.828)
(-0.335, 0.887)
(-0.434, 0.849)
(-0.551, 0.785)

0.043
0.032
0.089
0.057
0.154
0.184
0.036
0.114
0.374

Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity
Touch sensitivity
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear

19
19
19
19
19
19
19
19

0.285
0.570
0.402
0.746
0.422
0.199
-0.203
-0.200

(-0.503, 0.814)
(-0.243, 0.912)
(-0.411, 0.859)
(0.025, 0.956)
(-0.394, 0.866)
(-0.563, 0.778)
(-0.779, 0.560)
(-0.778, 0.562)

0.237
0.011
0.088
0.000
0.072
0.415
0.405
0.412

Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Nonsocial Fear
Separation-Related Problems
Separation-Related Problems

19
19
19
19
19
19
19

0.085
-0.000
-0.103
0.494
0.299
0.163
-0.095

(-0.633, 0.725)
(-0.681, 0.680)
(-0.733, 0.623)
(-0.325, 0.890)
(-0.493, 0.820)
(-0.586, 0.761)
(-0.729, 0.627)

0.728
0.999
0.676
0.031
0.214
0.506
0.698

Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Separation-Related Problems
Excitability

19
19
19
19
19
19

0.072
0.506
0.387
0.240
0.464
0.333

(-0.640, 0.718)
(-0.313, 0.893)
(-0.424, 0.853)
(-0.535, 0.795)
(-0.355, 0.880)
(-0.467, 0.833)

0.768
0.027
0.102
0.323
0.046
0.164

Excitability
Excitability
Excitability
Excitability
Excitability
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Attachment/Attention
Seeking
Energy
Energy
Energy
Energy
OQS
OQS
OQS
F1
F1
F2

19
19
19
19
19
19

0.306
0.702
0.559
0.308
0.556
0.124

(-0.487, 0.823)
(-0.055, 0.947)
(-0.256, 0.909)
(-0.486, 0.824)
(-0.259, 0.909)
(-0.610, 0.743)

0.202
0.001
0.013
0.199
0.013
0.614

19

0.086

(-0.633, 0.725)

0.727

19

0.129

(-0.606, 0.746)

0.597

19

0.120

(-0.612, 0.741)

0.626

19

-0.145

(-0.753, 0.597)

0.555

19
19
19
19
19
19
19
19
19
19

0.702
0.695
0.160
0.469
0.897
0.408
0.748
0.361
0.510
0.269

(-0.055, 0.947)
(-0.068, 0.945)
(-0.588, 0.760)
(-0.350, 0.882)
(0.443, 0.985)
(-0.406, 0.861)
(0.029, 0.957)
(-0.445, 0.844)
(-0.309, 0.895)
(-0.514, 0.808)

0.001
0.001
0.513
0.043
0.000
0.083
0.000
0.129
0.026
0.265
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S5
C-BARQ Scores from two different family members for Cato.
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S6
Mann-Whitney Maximum Distance Traveled versus Bodyweight
1= < 47 pounds, 2 = > 47 pounds
Method
η₁: median of 1
η₂: median of 2
Difference: η₁ - η₂

Descriptive Statistics
Sample N Median
1
2

11
9

150
200

Estimation for Difference
Difference CI for Difference
-70

Achieved
Confidence

(-130, 0.0000000)

95.18%

Test
Null hypothesis
H₀: η₁ - η₂ = 0
Alternative hypothesis H₁: η₁ - η₂ ≠ 0

Method

W-Value P-Value

Not adjusted for ties
Adjusted for ties

90.50
90.50

0.063
0.061

S7
Mann-Whitney Maximum Distance Traveled versus Sex
1 = Males, 2 = Females
Method
η₁: median of 1
η₂: median of 2
Difference: η₁ - η₂

Descriptive Statistics
Sample N Median
1
2

12
8

200
165

Estimation for Difference
CI for
Difference Difference

Achieved
Confidence

30

95.09%

(-70, 120)

Test

Null hypothesis
H₀: η₁ - η₂ = 0
Alternative hypothesis H₁: η₁ - η₂ ≠ 0

Method

W-Value P-Value

Not adjusted for ties 134.50
Adjusted for ties
134.50

0.537
0.534
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S8
Figure 16. MDT versus Bodyweight Scatterplot

S9
Figure 17. MDT versus Sex Scatterplot

54

S10 Electrode Safety Data Sheet
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S11 Consent Form
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S12 Spatial Discounting Training Log Form
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S13 Spatial Discounting Testing Log Form Example
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